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@ Process for preparing hollow fiber separatory devices. 
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@ A hollow fiber separatory device or module is 
produced by injection molding a tfiermoplastic pot- 
ting nnaterial around thermoplastic hollow fibers. The 
thermoplastic hollow fibers are enhanced in order to 
increase the fibers' ability to withstand the high 
temperatures inherent in injection molding tech- 
niques. Also disclosed is a process for preparing two 
or more hollow fiber modules whereby the fibers are 
potted in an hourglass configuration. 
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Technical Field 



The invention relates to an improved process 
for producing hollow fiber separatory devices. 

Back ground of the Invention 

- tus having a plurality of fine, hollow, permeable (or 
semj.permeable) fibers, the ends of which may be 
embedded or potted in a plastic resin header or 
sealing compound. After the resin cures, a portion 
of the header is cut, usually transverse to the 
longitudinal axis of the fibers, so that the ends of 
the fibers are exposed, thus allowing communica- 
tion with the interior of the fibers. The hollow fiber 
devices are typically fabricated as units, referred to 
herein as modules, usually by casting the fibers in 
a U or hair-pin shape. 

Hollow fiber filter devices typically filter a liquid 
or gas by passing the filtrate through the module 
and/or over the hollow fibers. In outside to inside 
fluid flow filtration, the -filtrate passes from the out- 
side of the fiber to the inside, leaving the un- 
desirable component on the outside. The filtered 
component, on the inside of the fiber, then passes 
along the inside until it is discharged from the end 
of the module. In dead-end separation devices, the 
undesirable component may form a fitter cake or 
filter layer along the outside of the fibers. 

A wide variety of publications exist pertaining 
to the preparation and use of these devices. For 
example, hollow fiber filter devices have been used 
in gas-gas, gas-liquid, liquid-liquid, liquid-solid, etc. 
separations, primarily in water desalination, dia- 
lysis, microfiltration to remove bacteria and other 
fine particles from a liquid, detoxification of indus- 
trial wastes/sewage treatment, and ultrafiltration to 
remove very fine or dissolved solids from a liquid. 
The modules of the present invention are particu- 
larly suited for environments in which the liquid to 
be filtered is already relatively clean or pure, e.g., 
for use in the production of ultra-pure water used in 
electronics manufacturing. 

Problems associated with the production of 
these devices are also well known, e.g., pressure 
build-up in the potted fibers; production of a clean, 
open fiber opening; formation of an adequate bond 
between the potting material and the fibers; and the 
expense in both time and money in using ther- 
moset or epoxy-type potting resins. Furthermore, 
hollow fiber filter devices have typically not been 
capable of production using injection molding tech- 
niques, due to the fragility of the fibers and the 
high temperature conditions used in injection mold- 
ing. For example, while the hollow fibers may be 
produced from a thermoplastic polymer, such fi- 
bers are not always adequately sealed by the pot- 



ting compound and may flow or deform under 
elevated temperatures. Potting methods have been 
developed, therefore, which require a multiple-part 
system such as an epoxy and a urethane; however, 

5 these multiple-part systems are typically very time 
consuming and expwnsivB, duci do not CunsiStently 
result in a adequate bond between the outer sur- 
face of the hollow fibers and the potting material. In 
addition, in the typical process employed by the 

10 prior art, the ends of a plurality of hollow fibers are 
bundled and placed in a mold which is then filled 
with a potting resin. The bundle must be fixed in 
the filled mold until the thermosetting potting com- 
pound cures. 

Summary of the Invention 

The present invention combines the use of 
both a thermoplastic hollow fiber and a thermoplas- 

20 tic potting compound in a process wherein the 
potting compound is injection molded over the hol- 
low fibers. The thermoplastic fibers are modified to 
withstand the high temperature environment of in- 
jection molding which is high enough to melt or 

25 deform the thermoplastic fibers in unmodified form. 
The present invention also includes a process 
whereby at least two hollow fiber separation mod- 
ules are simultaneously formed, again preferably 
utilizing an injection molding process to pot the 

30 fibers. 

Brief Description of the Drawings 



Figure 1 is a schematic top view of an embodi- 
35 ment of the invention which illustrates an hourglass 
configuration of fibers embedded in potting com- 
pound. 

Figure 2 shows the cross section along line 2-2 
of the embodiment shown in Figure 1 . 
40 Figure 3 is a schematic top view of another 
embodiment of the invention which illustrates a 
multi-noded configuration of fibers embedded in 
potting compound. 

45 Detailed Description of the Preferred Embodiments 



In accordance with the invention, a hollow fiber 
separatory device or module is produced by injec- 
tion molding a thermoplastic potting material ar- 

50 ound thermoplastic hollow fibers to thereby embed 
the fibers in the potting material. The thermoplastic 
hollow fibers are modified or enhanced in order to 
increase the fibers' ability to withstand the high 
temperatures associated with injection molding 

55 techniques. Thus, a hollow fiber separatory module 
capable of being produced by injection molding is 
provided. 
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In accordance with the invention, a wide variety 
of thermoplastic polymers may be used to form the 
hollow fibers. The preferred materials include, but 
are not limited to polyethylene, poiyvinylidene 
difluoride (PVDF), and polytetrafluoroethylene 
(PTFE). Other exemplary materials for fornning the 
hollow fibers include acetates, cellulose ethers, 

polyesters, pciyamides, and polyurethanes. 

Any of the foregoing materials, as well as other 
suitable permeable, hollow fiber forming nnaterials 
can be utilized according to this invention. Also, the 
hollow fibers employed may be either Inherently 
suitable, or may be modified so as to make the 
fibers suitable, for ion exchange purposes. Exem- 
plary of such ionic exchange materials are those 
resinous materials containing such groups as car- 
boxyiic, sulfonic, phosphoric, amine, quaternary 
ammonium, mercaptan. and phenolic groups, such 
as sulfonated polyethylene, sulfonated polystyrene 
and the like. As used herein, thermoplastic, as 
differentiated from thermoset, refers to a polymer 
which softens and melts when exposed to heat and 
resolidifies when cooled to room temperature. On 
the other hand, a thermoset polymer irreversibly 
solidifies when heated. These polymers typically 
require a curing agent or agents. The fibers used in 
connection with the present invention are prefer- 
ably hydrophilic, but, of course, the properties of 
the fibers are selected based on the intended or 
anticipated end use of the hollow fiber separation 
device. 

Hollow fibers suitable for use according to the 
invention can be produced by techniques known in 
the art, including, but not limited to, melt, dry, or 
wet spinning processes. 

The fibers may be configured into modules or 
bundles in a variety of shapes. The present inven- 
tion preferably involves the configuration of a single 
continuous fiber or a collection of individual fibers 
into a loop or hourglass configuration. This pre- 
ferred configuration facilitates the potting, by injec- 
tion molding, of an intermediate section of the 
hourglass configuration. After the intermediate sec- 
tion of the bundle is potted, cutting along the 
transverse longitudinal axis of the fibers results in 
the formation of two modules. This procedure can 
be applied to simultaneously or near simultaneous- 
ly prepare more than two hollow fiber separation 
devices by using, for example, a multi-lobed or 
multi-noded configuration wherein, the hub or cen- 
ter is embedded in potting compound and a multi- 
lobed configuration- wherein multiple sections are 
embedded in potting compound. Thus, In accor- 
dance with the invention, a number of modules can 
be simultaneously or near simultaneously produced 
by cutting or isolating each of the individual lobes 
from the multi-lobed configuration. 



While the typical hollow fiber used in conven- 
tional hollow fiber filter devices is delicate and 
readily deforms in a high temperature environment, 
this is not the case with the hollow fibers used in 
5 the present invention. In accordance with the inven- 
tion, the ability of the thermoplastic hollow fibers to 
withstand a high temperature environment, i.e., to 

ing the hollow fibers in order to decrease the 

70 fibers' high temperature susceptibility to deforma- 
tion. Thus, the hollow fibers are preferably sub- 
jected to radiation treatment in order to crosslink 
the fibers throughout their structure and convert 
them to heat-stable structures. While other inven- 

75 tions contemplate Irradiating the portion of the fi- 
bers which will not be potted, the, present invention 
specifically enhances the elevated temperature 
characteristics of a portion of the fibers to be 
potted. While it is only necessary to irradiate the 

20 potted portion of the fiber, the balance of the fiber 
may also be irradiated inasmuch as it is typically 
more efficient to treat the entire bundle. 

An exemplary method of irradiating the fibers 
entails the use of Co^° or cesium-137 gamma 

25 radiation, although beta radiation may also be 
used. Sources of radiation may also include elec- 
tron beam generators, X-ray generators, and the 
like, provided that the beam energy is sufficient to 
penetrate substantially the whole fiber. A typical 

30 radiation dose to achieve acceptable cross-linking 
is 5-25Mrad. 

In accordance with the present invention, the 
enhanced fibers are then embedded in a thermo- 
plastic potting compound using injection molding 

35 techniques. As used herein, the term "potting" 
refers to a process by which a material, or an 
assembly of small discrete units, is coated with, 
embedded in, encapsulated by, or sealed with, a 
molten film or sheath. Plastics used for this pur- 

40 pose are typically called potting compounds. Any 
thermoplastic potting material capable of being in- 
jection molded can be used in the present inven- 
tion. Preferably a thermoplastic potting material of 
similar or the same chemical composition as the 

45 thermoplastic hollow fibers is used, such as poly- 
ethylene, PVDF, polyamides, and polyesters. As 
used herein, embedding the fibers in the potting 
compound refers to filling the interstitial area be- 
tween the fibers and securing them in place. 

50 In a preferred method, once the Intermediate 
section of the bundle of hollow fibers has been fully 
embedded in the thermoplastic potting compound, 
i.e., the interstitial areas between the fibers are 
filled with potting compound, the potting compound 

55 is allowed to cool, securing and sealing the fibers 
in the potting compound. 

Once the potting compound solidifies, the Inte- 
rior of the fibers can be exposed, preferably by 
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cutting a portion of the potted section approxi- 
mately transverse to the longitudinal axis of the 
fibers. 

The irradiated hollow fibers are preferably 
wound into any of various geometric shapes by 
wrapping the fibers around a mandrel or core. In a 
preferred embodiment of the invention, the fibers 

are wniinH intn an anHlocc r\f mntiniiniic \r\r\r\ hai<- 

I 

ing a generally circular configuration, e.g., a donut, 
hourglass, or multi-noded configuration. Such a 
technique has the advantage of allowing for mul- 
tiple hollow fiber separation devices to be prepared 
simultaneously or near simultaneously, while fur- 
ther ensuring that potting material is not inadver- 
tently deposited in the interiors of the fibers (since 
the fiber interiors are not exposed until the potting 
compound is cut). 

An exemplary method of producing a module 
according to the invention comprises extruding a 
number of hollow fibers into a bundle, irradiating 
the bundle of fibers under conditions in which the 
resin of the fibers in the bundle crosslink, forming 
the bundle of fibers into a donut or hourglass 
shaped configuration, embedding at least a part of 
a portion of the bundle of fibers in a molten potting 
material, the part being an intermediate portion of 
the bundle, and cutting the bundle across the pot- 
ted area so as to form at least two modules. 

A bundle of thermoplastic hollow fibers embed- 
ded in a thermoplastic polymer or resin in accor- 
dance with the present invention may be further 
supported by an open net or mesh bag so that the 
bundle may be easily carried, shipped, and/or 
moved. The open net may comprise an ephemeral 
cage for support while minimizing the amount of 
material which may contribute to the production of 
extractables and dirt. Purified water may be passed 
through the interior of the potted hollow fibers in 
order to further reduce the amount of extractables 
in the separatory device. 

Illustrative embodiments of the invention may 
be described by reference to the Figures. Figure 1 
illustrates an embodiment of the invention compris- 
ing enhanced thermoplastic hollow fibers 11 
formed into an hourglass configuration and embed- 
ded in a thermoplastic polymer or resin 12. The 
embedded fibers may be cut along line 13 in order 
to form at least one module, preferably two mod- 
ules. Figure 2 shows a cross section along line 2-2 
of the embodiment shown in Figure 1 wherein the 
cut exposes the fiber interior at the potted hollow 
fibers ends 21 embedded in the thermoplastic 
polymer or resin 12. As shown in Figure 2, the 
interstitial area 22 between fiber ends 21 is filled 
with the thermoplastic polymer or resin 12. 

Figure 3 illustrates an embodiment of the in- 
vention comprising thermoplastic hollow fibers 11 
configured into a multi-noded structure wherein 



each node is potted in thermoplastic polymer or 
resin 31-34. The potted fibers may then be cut 
along lines 35-38 such that each node results in a 
module. 

5 While the invention has been described in de- 
tail by way of illustration and example, it should be 
understood that the invention is susceptible to var- 

restricted to the specific embodiments set forth 
?o herein. It should be understood that these specific 
embodiments are not intended to limit the inven- 
tion, but, on the contrary, the intention is to cover 
all modifications, equivalents, and alternatives fall- 
ing within the spirit and scope of the invention. 

;5 

Claims 

1. A process for preparing a hollow fiber separa- 
tory device comprising: 

20 forming a bundle of thermoplastic hollow 

fibers, 

enhancing the elevated temperature char- 
acteristics of at least a portion of the thermo- 
plastic fibers, 

25 embedding at least a part of the enhanced 

portion of the fibers in a thermoplastic potting 
compound to form a potted section such that a 
closed loop of fibers extends from one face of 
said potted section, and 

30 exposing the interior of the .potted fibers 

on an opposite face of said potted section. 

2. The process of claim 1 wherein enhancing the 
elevated temperature characteristics of the fi- 

35 bers comprises irradiating said fibers. 

3. The process of claim 1 wherein said bundle of 
fibers is in a U-shaped configuration having 
first and second open ends and said bundle of 

40 fibers is embedded in said potting compound 
such that said first and second open ends of 
the fibers extend through said potting com- 
pound to said opposite face of said potted 
section. 

45 

4. The process of claim 1 wherein said bundle of 
fibers is in a U-shaped configuration having 
first and second open ends, said first and 
second open ends of the fibers are ennbedded 

50 in said potting compound, and said potted 
section is sheared to expose the interior of the 
potted fibers on said opposite face of said 
potted section. 

55 5. The process of claim 1 wherein said bundle of 
fibers includes at least two loops and an inter- 
mediate section between said loops and the 
intermediate section of said bundle of fibers is 
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embedded in said potting compound to form a 
potted section such that at least two closed 
loops of said fibers extend from different faces 
of said potted section. 

5 

6. The process of claim 5 wherein exposing the 
interior of the potted fibers on an opposite face 



potted section to form at least two hollow fiber 
separatory devices. io 



7. The process of claim 1 wherein said bundle of 
fibers includes at least two loops and at least 
two intermediate sections between said loops 

and the intermediate sections of said bundle of is 
fibers are embedded in said potting compound 
to form separate potted sections such that at 
least two closed loops of said fibers extend 
from said potted sections. 

20 

8. The process of claim 7 wherein exposing the 
interior of the potted fibers on an opposite face 
of said potted sections comprises cutting said 
potted sections to form at least two hollow 
fiber separatory devices. 25 

9. A process for preparing a hollow fiber separa- 
tory device comprising: 

forming a bundle comprising hollow fibers, 
the bundle including at least two loops and an 30 
intermediate /section between said loops, and 

embedding the Intermediate section of the 
bundle in a potting compound such that a 
closed loop of said fibers extends from one 
face of said potting compound, and 35 

exposing the interior of the potted fibers 
on an opposite face of said potting compound. 

10. The process of claim 9 further comprising cut- 
ting the potted section to form at least two 40 
modules. 

11. A hollow fiber separatory device comprising 
thermoplastic hollow fibers having end portions 
embedded in a thermoplastic potting com- 45 
pound, said end portions having been treated 
prior to being embedded in the potting com- 
pound to enhance their elevated temperature 
characteristics. 

50 

12. The hollow fiber separatory device of claim 11, 
wherein said end portions have been irradiated 
prior to being embedded in the potting com- 
pound to enhance their elevated temperature 
characteristics. 55 



5 
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FIG. 2 
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